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-NATTONAL ADV‘SORY COMMITTEE FOR AERONAUTICS

TECENICAL MEMCRANDUM NOs ‘1175 -

FRESSURE DISTRIBUTION' MEASUREMENTS ON A
TURBINE ROTOR BLATNE PASSING BEHIND A
TURBINE NOZZLE LATTICE*

By Heusenblas

As a turbvine rotor turns, the blades traverse the wake zones of
the nozzle vanes. A periodic fluctuation of the pressure distribu-
tion around the circumference of the rctor blade 1s therefore
coused. It was deslred to investigate quantitatively thls effect.
At the came time, tiLe uagnitude of the force acting upon one profile
of tiie rotor-vlade latsice at various positicns of this 1attica
rolative to the nozzle lattice wos to he dstermined.

Flgure 1 showas the double-lattlicoe arrangement used Tor the moa-
surements. The spa<ing selocited for the uozzle lattice was exzactly
double that o the rotor-blade lattice. The taps for measurement
are numuvered i to B8 on the pres3ure slde erd also on tlhe suction
surface of the proflle; in each ceries, tap ? 19 near the leadiiy
edse of the prcfile and tap 8 is neer the tralling edge.

In figure 2 2rc plotied the curves of tue static nrersures mea-
sured at ecch cf thaco taps as 2 function of the poeition of the
rotor-blade luttice relative to the uozzle lattice. The neasured
Dpresaurss minus ti'e stalic pressure bekind the »otor-Liade lattico
vore mode dimensilcnlcsa by dividlng by the presgure diffarenve
between the btotal! preasure ahead of the double-iatiice rig and the
etatic pressure behind the rolor-blads lattice.

In figure 2, that position of the two lattices relative to each
other is designated the reference position; at this poeitlon the
rotor blade provided with the taps, which will be called tho teust
blade, has 1ts" leading edje directly downstream of the trailjng elge
of the nozzle vane profilo.

*"Druckvertellungsmessungen-an elnor sichb hinter einem Turbinen-
dilsengitter vorbelbewegenden- Turbinenlaufachaufel. " Berichte -der
Gittertagung in Braunschweig, Institut'f. Motorenferschung der Luft-
fahrtforachungeanatalt: Hbrmann GBring, Mﬂrz 27 u. 28,- Ig44, Br.B.
Nr. M325/44g, pp. 95-100." Co
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The following peoullarities of the curves are especlally note-
worthy:

1. The portion of the travel of the rotor-~blade lattice behind
the nozzle lattice that is int'luenced by the wake zones of the noz-
zle lattice amounts to almost one-half of the spacing of the nozzle
vanes,

2. With the exception of piressure tap 1 on the pressure surface
and taps 1 and 2 on the suction surface, the presesure differences
operating on the profile within the waxe zZones are, as was expectoed,
smaller than outside the wake zonea.

3. Pressure tap 1 on the pross'we surface shows almost constant
proasure throughout.

4, Surprieingly, taps 1 ard 2 on the suction side of the blade
show- strrong pressure dli'foreaces preclsely in the wake zones, dif-
ferences witlch lncrease eapeclally markedly Just when sucvion-surface
test polnt 1 enteras and leaves the waks zone of the nozgle vane.

S. At the borders of. the wake zones, fluctuations of the pres-
Bure curve occur, asd was, of course, to be expected.

Flgure 3 shows two examples of curves of pressure dilstribution
over the cilrcumference of the profile, namely plotted agalnst per-
pendicular distance from the lattlce axis. Curve 1 shows a pres-
sure distribution for tue case in wulcii the rotor-blade profile is
wilthin the nozzle-vane wake zons, winereas curve 2 shows the case 1n
whlch the rotor blade 1s outside the wake zone.

The most noteworthy dlffarence l1s that the pressure minimum
on the suction slde neair the leadlng edge is substantially leas
marked in the free flcw than in the vake zone,

If the area enclosed by such & pressure-distribution curve
as shown 1n filgure 3 18 measured wilth a planimeter and divided by
the axial dimension of the lattlce a rotaticnal force coefficient
is obtained. This computatloinn was made for each position of the
rotor-blade lattice relative to the nozzle-blade lattice (more
than 40 series of measurements were made) «nd tae curve in figure 4
was thereby obtained. Here can be clearly seen the drop In the
rotational force opereting on tihe rotor tlade within the weke
zone. Another point about thls curve that 1s certairly noteworthy
1s the relatively high peak reached by the value of the rotationel
force coefficlent on the entrance of the pressure side of the
rotor blade Iinto the wake zone of the nozzle blade,
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. Tho next step in the investigation was the harmonic anmly-
gis of the curve in figure 4. The result 1s shown in figure 5.

‘It may be -seen that -only the basic frequenocy and the first har-

monic exhiblt substantlal amplitudes, whereas all othor harmonics
have smaller amplitudes. The fact that the odd-numbered har-
monics in each case ere greater than the sven-numbered ones 1s
unimportent; the inaccuracies of tlo measurements are lavgely
involved herein.

As these investigntions prove, the periodic fluctuation

" of the rotational Fcrcao certalinly cannot be omltted from considor-

ation ag a cause of vibration in the rotor blades. It should be
noted that the amplltude of the first harrounlc amounts to about

24 percent of tho mean value ¢f the poripkorcl force. It 1s cor-
tainly impossible o tranafor without any alteraticn the resulis
Preacnted hore, whirh were obtalned at low velocities of rotor-
blade travcl, to the arturl tur™ine with i1tc high periphsral vel-
ocitios, for, as i3 well lLnown, ciirculation chungue regqulre a cer-
tain length of tim> for develomment. Neverikelesa, it may be

agsgumed thet evon in that case the Tirst haruonlic nust be conslidered

as an important cauce of rotor-tlade vibrations,

D18CUSSIOoN

It waz pointed out tist In the rapild passarme of the rotor
blades behind tho stator blades in a turbomachine the tlme is too
short Tfor tho bourdary layera to recspond fully to tvhe perlodlce
changes in tihe incldent [low conditlons tuuas caused. For tnis
reascn, 1t 1s to be exrected tht the resul's of the ernerlmenis
presenited by Hausendblas could not be appliel without change to
the rclatiorns In a runuing tur:iine. Ileuscnnlas obhserved in this
connsctlon that hiy expevimentis were primwerily intended as a
foundatlion for the calculation of blade vibration.

Translatlon by Edward 8. Shafer,
National Advisory Commlttee
for Aoronautics.
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